Abstract. The paper presents ways for determining parameters of the characteristic impedance ) (s Z a , the value of time constant τ , ε ′ and ε ′ ′ , through formula transformation and frequency spectroscopy method (FDS).Finding out the values of coefficient α with Cole-Cole model. Building double-relaxation model to fit complex dielectric permittivity ε in different temperature and moisture level, and finding the influence of them on the parameters of the ColeCole model.
Introduction
With the power grid capacity increasing, the demand of the reliability and safety of power supplying from power system are becoming more and stricter .Power transformer play an important role in power transmission. The study of transformer insulation is essential. Presently, many methods about the study of transformer paper-oil insulation had been duplicated. Return Voltage Method (RVM), Polarization and Depolarization Current (PDC) and Frequency Dielectric Spectroscopy (FDS), which are all based on dielectric response theory having been used for many years.
Cole-Cole model
Numerous models of transformer paper-oil insulation had been built. For example: X-Y model, Debye model and Cole-Cole model. Actually, dielectrics rarely have one dominant relaxation time and have the effect of each particle. Neglecting the impact and in a single relaxation time. It uses angular frequency ( ω ) to express the complex dielectric permit of preceptor. The long polymer chain molecular containing long chain particles, the absorption maxima of which may be significantly lower than the results from Debye model.Where 0 ε is the electric permittivity, ∞ ε is the material electric permittivity for frequency f→ ∞ , ω is the angular frequency, τ is the relation time, and α is the coefficient(0< α <1) 
The characteristic impedance describes relaxation properties of a dielectric. Since it is usually in the fractional power (0< α <1), determining the element values of the equivalent circuit of impedance is possible only through approximation.
Parameters solving
In order to determine the value of accurately, it is necessary to know the parameters of the ColeCole model (
).Usually geometric capacity 0 C is most often given by a formula for the flat vacuum capacitor capacity, it can be given by using (5) .
Where h is the winding height, HV r is the external radius of main insulation, and LV r is the internal radius of the main insulation.
Capacity ∞ C can be measured at a high frequency of measurement voltage. Also the value of time constant τ and parameter α are necessary to determine the characteristic impedance
When the value of frequency is high enough, from Debye equation (6), we can see that the value of ε ′ approach to ∞ ε , and the value of ε ′ ′ approach to 0 ( ∞ → ω ).Formula (7) and (8) 
The value of time constant τ , 0 ε and ∞ ε can be determined by the formulas(8).Capacity 0 ε and 
After four parameters (
) are all determined, the value of characteristic impedance ) ( a s Z can be solved. 
Study results
The increasing of complex dielectric permittivity of paper-oil samples in low frequency are mostly based on the formula -n ω A , other parts can be studied with building Cole-Cole model. Setting up double-relaxation model to analysis the influence of temperature and moisture level on complex dielectric permittivity and frequent.
The parameters in (12) and (13) are determined with least squares fitting (experiment data in Table  1 ). The value of ∞ ε is difficult to measure, and it is often valued as the extreme of complex dielectric permittivity. Both temperature and moisture level have an obvious effect on the value of ε ′ and ε ′ ′ , and the impact on the value of ε ′ ′ is bigger. From (14), it is clear that the increase in temperature or the increasing of the moisture level will cause the reduction of the value ofτ .
The influence of coefficientα on temperature and moisture level is inconspicuous. The value of α is depend on max ε ′ and max ε ′ ′ .Both max ε ′ and max ε ′ ′ are generally appear in low frequency part, and the value of them are huge. While the value of min ε ′ is small, then the variation of the value of α is hard to see, as same as the moisture. On coefficient α of Cole-Cole model. In Fig.6 and 7 , it is obvious to see that an increasing of water in paper-oil insulation will short time constantτ of the Cole-Cole model, the increasing temperature also decreases the value of time constantτ .While neither water or temperature has an obvious influence on coefficientα .
Conclusions
In this paper, transforming the Debye equation and using linear function to obtain the value of time constantτ , 0 ε and ∞ ε .Determining the coefficient α in the Cole-Cole model. Setting up doublerelaxation model to analysis the influence of temperature and moisture level on complex dielectric permittivity and frequency, then find out the influence of temperature and moisture level on parameter α and τ .The influence on τ is more obvious, and it can be used to evaluate the insulation of transformer paper-oil insulation performance.
